The importance of long term follow up of neurological status of patients with spinal cord injuries is well recognised. Although there is a general agreement about continued radiological surveillance of these patients, there is lack of uniformity of approach and guidelines as to how frequently such screening should be undertaken and for how long it should be continued. The present study, following analysis of clinical and radiological data of 100 sequential patients, indicates that morphological complications of urinary tract are common (63% in patients studied) and that a significant number (70-75%) develop complications within the first year following onset of spinal cord dysfunction.
Introduction
Urinary tract complications have long been recognised as a principal cause of mortality and morbidity in spinal cord injured (SCI) patients. Early death from urinary sepsis was regarded as practically inevitable in such patients early in this century. 1 The picture has changed dramatically since then, and it is largely due to detailed attention to the urinary tract that the life expectancy of SCI patients has increased and their quality of life improved. 2 Even so, the problem remains a considerable one. The two recognised basic determinants of urological morbidity and mortality have been the quality of urological care4 and the length of surveillance. 5 The application in the clinical management of SCI patients utilising the increased knowledge of the pathophysiology of the neuropathic bladder and lower urinary tract has helped, along side other advances, to improve the standards of urological care. Periodic radio logical screening is also an essential part of management as it provides information on the structural integrity of the entire urinary tract and can demonstrate early loss of renal function. Although long term follow up of patients' urological status is important, there is a lack of uniformity of approach and of clear guidelines as to how frequently such screening should be undertaken and for how long it should be continued.
The present study, therefore, aimed to seek answers to some relevant questions that could help to formulate clearer guide lines for routine radiological screening. The questions addressed were as follows.
1 What proportion of SCI patients demon strate radiological abnormalities of the urinary tract? 2 What is the time course during which abnormalities begin to appear? 3 Is the timing of the appearance of abnor malities of any significance? 4 Does the method of bladder management influence the development of demon strated abnormalities?
Material and methods
The study analysed clinical and radiological data of the first 100 consecutive adult patients with spinal cord paralysis who underwent routine radiological screening of the urinary tract in 1991. Clinical data were obtained by reviewing patients' medical records, seeking information on the level of paralysis (i.e. paraplegia or tetraplegia), aetiology, date of onset, details of follow up, previous urological history and details of urological management since onset of the SCI injury. Radiological data were obtained from the radiologists' reports on all uro logical investigations that patients under went since the onset of paralysis. Where no reports were available, the corresponding films were reviewed by one of us (JCC) and the findings noted. Patients who were para lysed for less than 1 year at entry were followed clinically and radiologically until the completion of 1 year and the data were included. Only abnormalities that arose as a direct or indirect consequence of paralysis were relevant to the study; other incidental findings, were excluded. 
Analyses and results
Forty nine paraplegic and 51 tetraplegic patients entered the study. Their demo graphic features were similar (Table I ). The duration of paralysis ranged from 3 months to 31 years at entry. All of the 26 patients paralysed due to non traumatic causes had stable, non progressive neurology. Twenty three patients at entry were paralysed for less than 1 year (12 paraplegics, 11 tetra plegics); of these, three (two paraplegics, one tetraplegic) were lost to follow up and, therefore, excluded from study. Thus, 97 patients were studied-20 (10 each of para plegics and tetraplegics) paralysed for 1 year or less and 77 for over 1 year. Of the latter, 44 (23 paraplegics, 21 tetraplegics) were paralysed for between 1 and 10 years and 33 (14 paraplegics, 19 tetraplegics) for over 10 years.
From the available data, 61 of the 97 patients (63%) were found to have relevant abnormalities of the urinary tract (Table II) . The proportion was higher in those with tetraplegia (70% ) than in those with paraplegia (55%), but the difference was not statistically significant (p > 0.1; i = 2.293).
Since abnormal findings were detected in patients at various times post onset, ranging from 2 months to 20 years, the time span over which abnormalities began to appear was analysed. The results (Table II) show that in 59 of the 61 patients (i.e. in 97% of those who developed abnormalities) changes began to appear at various times within a period of 10 years from the onset of paralysis; in two (i.e. in 3%) they began later. For this analysis, however, an assump tion was made in eight patients (three paraplegics and five tetraplegics, all para lysed for over 1 year). Radiological data for their initial years of paralysis were unobtain able. All were noted to have abnormalities at the time post onset from which their data were available. But the precise times when these findings appeared could not be ascer tained, nor could it be ensured that these were, indeed, their earliest abnormalities. In computing Table II , therefore, the earli est available changes were assumed to represent their initial abnormality(ies). During the above analysis, it became apparent that changes were seen in the early weeks or months post injury in many pa tients. Consequently, the data were analysed to note how frequently abnormalities appeared within 1 year of paralysis. The afore-mentioned eight patients were ex cluded from this analysis. The results (Table  III) show that, out of 53 patients with abnormalities (59% of 89 patients ana lysed), 40 (45% of the group) developed morphological changes in the first year, accounting for 75% of all those who devel oped abnormalities. This pattern was seen in both paraplegics and tetraplegics; the difference between them was not signifi cant. Furthermore, as is also shown in the table, a total of 116 abnormalities were documented in these patients; of these, the largest proportion was demonstrated in the first year-42% overall, 45% in paraplegics, 40% in tetraplegics.
The importance of the above findings was evaluated further. First, the relative signific ance of the initial appearance of abnormali- paralysed for over 1 year. Since patients' follow up duration varied, the mean dura tion of those with abnormalities was deter mined, making appropriate adjustments for any gap periods. From this, and the total number of abnormalities that they devel oped, a simple group index-'abnormality count' (number of abnormalities divided by the mean follow up)-was calculated. The results (Table IV) show a two-threefold higher count among those who developed abnormalities in the first year compared to those who did so later. In the early weeks and months following spinal paralysis, patients are, as a rule, dependent on manipulated and/or artificial methods of bladder management. Because of the observations in relation to the first year, we examined the relationship between the methodes) of bladder drainage and the development of abnormalities in the first year (Table V) . Four methods, which pa tients had used for their bladder manage ment, were identified, viz. indwelling urethral catheterisation (IDC), intermittent urethral catheterisation (IC), condom drain age (Cdm) and controlled micturition Table V) .
Since the highest proportion of patients on IDC developed abnormalities, and since SCI patients are frequently managed by IDC in the initial postinjury period, we specifically examined the relation between the length of time patients were on IDC initially and the development of abnormali ties in the first year. As we could not ascertain the exact duration of initial IDC from the clinical records of three patients, we analysed the data on 86 patients (Table No. without abnormalities VI). A significantly higher number devel oped abnormalities among those patients who were on IDC for over 8 weeks in the initial postinjury period compared to those who were on it for shorter periods (0.05> P > 0.02; l = 4.154).
Discussion
As is stated in the introduction, urological complications have been, and continue to remain, a principal cause of morbidity in SCI patients, and long term surveillance by radiological and other means remains cru cial for their management. Morphological findings, such as this study evaluated, reflect pathophysiological changes and complica tions that affect the structural and functional integrity of the urinary tract. Sixty-three per cent of patients in this study developed such changes (Table II) . Although changes can occur at various times after the onset of paralysis, the study clearly points to the critical nature of the first year. Not only did a substantial proportion of patients per se develop abnormalities during this period (45% overall- Table III ), but also in this period a clear majority of all patients devel oped urological changes (70% of those abnormal, excluding patients paralysed for 1 year only, 75% when they are included Table III ). Indeed, half of the patients who were within 12 months of onset at entry had abnormalities already (five out of 10 para plegics and tetraplegics alike). By compari son, the onset of changes after the first year was correspondingly seen in a much smaller proportion of patients, i.e. 30% and 25% respectively (Table III) . These differences are significant, as supported by the 95% CI bands. The findings clearly demonstrate the uro logical vulnerability of SCI patients in the first 12 months of paralysis. This is not surprising if one considers the fact that these early months effectively constitute a period of transition from a usually normal physio logical state to an altered one, and of urological instability, as patients pass through phases of altered lower urinary tract function and therapeutic manipula tions.
The first principle of the urological man agement of SCI patients is to establish a method of bladder drainage as soon as possible after injury. During spinal shock, retention of urine is complete, necessitating some form of artificial drainage. The choice is generally one of three methods-IDC, IC or suprapubic drainage through a catheter. Following recovery from shock, some form of altered bladder function emerges, except in the small minority who have a complete neurological recovery. The emerging func tion, although broadly predictable from the level of injury, is often different from that expected in a considerable proportion of patients.6.7 Management, therefore, is guided by urodynamic findings rather than by neurology alone. The chief detrimental pathophysiological factors recognised are incomplete emptying of the bladder leaving unacceptably high residual volumes for bladder capacity and/or unphysiologically high pressures in the lower urinary tract with or without functional synergism be tween the bladder and the external urethral sphincter. 8•9 These are among the main therapeutic targets to safeguard the struc tural and functional integrity of the kidneys and upper tracts. Such management should necessarily include appropriate and close radiological as well as other investigations.
Our practice is to screen patients with plain x-ray within 6 weeks, intravenous urography between 6 and 12 weeks and again at 12 months, and urodynamics studies as soon as patients are mobilised out of bed and start active rehabilitation. At 6 months, patients undergo ultrasound scanning of the urinary tract. We have found this protocol generally adequate, although if and when indicated, investigations may be repeated more often.
Nyquist & Bors5 reported the highest peak of renal mortality (8%) to be in the second S-year period of paralysis in a large series, and observed that early urological complications carried a poor prognosis for survival. Our finding ( Table IV) that pa tients collectively showed a two-threefold higher abnormality count if they developed abnormalities in the first year lends indirect support to such observations and serves to further emphasise the vulnerability of pa tients in the first year.
Since its beneficial effects were reported by Guttmann & Frankel,1O IC has become the method of choice for early bladder management in spinal units. However, out side of spinal units, where most patients are initially admitted (all patients in this study), management is generally by IDC, not only for reasons of lower cost and the require ment for fewer staff in attendance,!l but at times also to cause less disturbance to patients when they may be acutely ill from associated complications and require in tensive acute care. The problems and complications associ ated with continued IDC in SCI patients have been amply discussed by many auth ors;12-l5 discussion at Ie nth on these is beyond the scope of this paper. However, the one almost universally associated com plication is the introduction of infection into the bladder. We know of no studies specifically explor ing the relation between the duration of initial IDC and the development of compli cations in SCI patients. Our finding of a significant association between the two (Table VI) is, therefore, the first in this respect and has implications for manage ment. We recommend that every effort should be made to wean patients from indwelling urethral catheters as early as possible, certainly within 8 weeks. Where IDC for longer than 6-8 weeks is antici pated, an alternative, such as suprapubic fine-bore catheterisation, may be a better alternative and should be considered more often; studies with its use in recent years have shown encouraging results. 18, 19 As the purpose of this paper is to establish some guidelines for the frequency of radiological surveillance during the lifetime of the SCI patients, no attempt has been made to establish a relationship with variables such as inefficient bladder emptying, high detru sor pressure, disturbance of bladder com pliance, and/or high resistance to urinary flow. It should be appreciated that uro logical complications in patients who are catheter free are influenced by these factors. Our finding of only one patient in the entire study definitively demonstrating ab normality after 10 years of normal radiology on regular follow up (Table II) 
Summary and conclusions
Morphological complications of the urinary tract are common in SCI patients (63% of patients in this study). Although these may appear at any time after the onset of paralysis, the first year appears to be crit ical. A significant majority of those who develop morphological changes do so, or begin to do so, during this period (70-75% in this study) compared to any subsequent period; also, the onset of change at this time may be a harbinger of further complica tions. The development of abnormalities in the first year is significantly related to more than 8 weeks of continuous IDC during patients' initial bladder management. Ex cept for increased RU in those on condom drainage, no relation was found between the type of abnormality and the method of bladder drainage in the first year.
In view of these findings, we strongly recommend that strenuous efforts should be made to wean patients from IDC, and institute IC for early bladder management, as soon as possible after onset of paralysis.
Where continuous catheter drainage for 8 weeks or more is anticipated, alternative methods, viz. suprapubic fine-bore catheter isation, should be considered. Furthermore, the urinary tract should be closely moni tored during the first year, radiological screening being undertaken at least as fre quently as suggested in the study. After the first year, it may be prudent to continue with at least annual screening for 10 years.
With regard to the longer term, our findings suggest that the possibility of developing morphological abnormalities after 10 years of normal radiology is very small (approximately 1%). Therefore it may be possible, in appropriate patients, to discon tinue routine radiology after 10 years, the requirement for such being then determined by clinical necessity rather than by adher-
